Abstract: Born in 1985, the PEA technique consists in detecting acoustic waves generated by space charges when they are subjected to an impulse of electric field. Its principle is relatively simple to understand and its use is very flexible. Compared to other techniques as LIPP (Laser Induced Pressure Pulse) method and TSM (Thermal Step Method), the PEA technique is the only one being not based on the relative displacement of the space charge in respect to the electrodes. We show here how consistent information on space charge can he extracted from a simple physical equation and we discuss with the help of a simple modeling the effect of numerical processes such as Gaussian filter.
INTRODUCTION
Until recently, charge storage effect was only probed using techniques capable of yielding information about integral quantities of charges such as thermallystimulated discharge studies. During the 1980% a new class of techniques was developed with the ability of disclosing differential data such as the charge distribution along the thickness direction. In most of these methods, a displacement of charges is imposed relatively to the measuring electrodes in a capacitor where the dielectric is placed between two metallic electrodes [1, 2, 3, 4] . The influence charge on the electrodes is thus modified and this variation is measured in the external circuit. This signal is transformed into a voltage variation across the sample terminals in case of the measurement being performed in open circuit or into a current variation in the case of a short-circuit measurement. The charge displacement is induced by an external perturbation applied to the sample in such a way as to modify its transversal dimension in a non-uniform manner, this last condition being necessary to obtain an electrical response from the deformation of a charged material. In addition, the form and the evolution of the perhuhation as a function of time must he known during the measurements.
In practice, the relative movement of the charge with respect to the electrodes can he controlled by a nonuniform expansion of the medium induced by a temperature variation on one of the sample sides (methods known as thermal [5, 6, 7] or by the generation of a pressure wave (methods known as acoustic [8, 9] . These methods can take different names depending on the type of stimulation applied, thermal or acoustic, and its shape. In the 1990s, these techniques matured and were routinely used in labs and industrial sites [12] . Among them, pressure wave propagation (acoustic) and thermal methods became popular in Europe and North-America [13, 14, 15, 16] , whereas the pulsed electro acoustic technique was preferred in Japan [17, 18] . In spite of the fact that the situation is currently undergoing a change [19, 20, 21 ] the PEA method is still less well-known in Europe. The objective of this communication is to provide a simple physical way to comprehend this technique. We discuss notably the consequences of approximations and numerical errors due to e.g. Gaussian filter effect.
DESCRIPTION OF THE PULSED ELECTRO-ACOUSTIC METHOD Measurement principle
The PEA measurement principle is given in Fig 
Theoretical analysis
Main measurement Let us consider a sample with a volumic charge distribution p as shown in Fig. 2 and divide it in a set of rigid charged layers of thickness Ax and homogeneous charge density. The force fd(x,t) representing the dynamical component of the force exerted on each layer of the x-axis due to the coupling of the electric field pulse e(t) with the charge is thus expressed as:
f , ( x , r ) = p(x).h*.S.e(t) ( 2 ) c - The pressure waves, obtained dividingfby the surface S of the electrode, reaches the piezoelectric detector without changing shape with the following hypothesis: the acoustic wave propagates in a homogeneous and perfectly elastic medium. i.e. attenuation and acoustic dispersion factors are nil in Fourier space [22, 23, 24] . The delay between wave production and detection is directly dependent on the speed of sound characteristic of each material traversed, being designated by vi. for the sample and v, for the electrode of thickness I adjacent to the piezoelectric sensor. The pressure seen by the detector is as follows:
The pressure exerted on the sensor by the entire set of elementary layers is obtained thereafter by the summation:
Note that the electric field e is nil outside the dielectric,
Setting r = x / v P and p ( x ) = p(r.v,) = r (~) gives:
Je(t---r).r(r).dr
The form of Equ. 5 being that of a convolution, it can he simplified by the application of Fourier transform:
As for the piezoelectric sensor, its output ~~( 1 ) and its input p(t) can he expressed by a convolution law such as, in the Fourier space: Vs(v) = H(").P(V) (7) where H(v) is the characteristic transfer function of the piezoelectric sensor, encompassing the entire set of the amplifier and the waveguide, from the practical point of view.
At this stage of argument, one unknown remains to he eliminated, H($, for obtaining R(@. . .
Reference measurement
The referencing procedure illustrated in Fig. 3 has the role to eliminate the unknown H($ which is the characteristic transfer function of the piezoelectric sensor and related electronics. For that we consider a sample free from charges to which a constant voltage U is applied. The surface density of the charge (capacitive charge) on the electrodes is then: Here and in what follows, the index I refers to calibration data.
With the hypothesis that the capacitive charges due to the pulsed field e are negligible compared to all others, the pressure thus created by the electrode nearest to the sensor is expressed as:
Piezoelectric conversion properties being always the same, we have: Fig. 4 , and to the detection and acquisition system. Figure 4 : Synoptic of the signal processing implementation, according to Marc Jeroense.
Vs,(v) = H(v).P,(v)
(
Experimental errors
Indeed, the signal passes by three principal filters, provided by the piezoelectric sensor, the amplifying circuit and the oscilloscope. It is thereafter digitized and processed numerically, through steps using Gauss and Wiener functions aimed at limiting the frequency range of the signal spectrum and avoiding division by zero in the Fourier space, respectively. The effect of Gaussian filter processing on space charge spreading is modeled in Fig. 5 . Usually, noise is acceptably reduced with l/g=2 as Matlab Gaussian filter parameter. Typically, for a situation of 2ns of sampling rate and 2000ds of sound velocity, the spreading take up to 20pm. Using l/g=12, the peak width at mid-height would be around 96 pm.
CONCLUSION
This introduction to the PEA method we feel has show the origin of physical equations used to analyze PEA profiles. Important approximations are usually made in the analysis of PEA response, and these have been stressed in this presentation. Among these, we show the effect of signal processing by Gaussian filter on spreading of space charge profile.
